Depletion of myelin and neurobehavioural deficits are indications that vanadium crosses the blood-brain barrier and such neurotoxic effects of vanadium on the brain of Wistar rats have been elucidated. The effect however on the peripheral nerves, is yet to be reported. Thus, this work was designed to evaluate the axonal and myelin integrity of sciatic nerves in Wistar rats following exposure to vanadium.
| INTRODUCTION
Gas flaring is a term widely used to describe the burning of natural gas associated with crude oil extraction and has been attributed to technical, regulatory, or economic constraints in countries involved in such practice. 1 Nigeria is currently ranked the seventh highest gas flaring country in the world 2 ; a seeming improvement on previous rankings (second position) she once held as at 2010. [3] [4] [5] However, considering the volume of gas flared per land mass of the country, gas flaring remains a major environmental and epidemiological concern in Nigeria, whose crude oil is known to be rich in vanadium. 6 These flares release vanadium in its gaseous form, vanadium pentoxide, making it easier to gain access to the body system through the inhalational route 7 and thus exerting its toxic effects on a variety of biological systems. 8 Some of the vanadium-induced pathologies reported on various organ systems include: the lungs, liver, spleen, and testes, 9, 10 haematological and biochemical alterations 11, 12 and the kidneys. 13 In addition, vanadium has been shown to have effects on the nervous system, where it has been established to cross the blood-brain barrier, [14] [15] [16] bioaccumulate in brain tissue 16 and exert (acute and chronic) neuropathologies and behavioural deficits. [17] [18] [19] [20] [21] [22] [23] [24] Much like the brain, the peripheral nervous system is characterised by highly peroxidizable fatty acids tissue, low levels of antioxidants and high aerobic metabolism. 25 These features put together, render this system highly susceptible to oxidative stress. The study of peripheral nerve injuries and diseases is attracting more interest among both basic and clinical researchers with the goal of improving diagnosis and treatment. [26] [27] [28] [29] Consequently, the peripheral nerve has been listed as one of the tissues to be examined histopathologically in repeated dose toxicity studies. 30 Although the effect of vanadium on the central nervous system is well documented in literature, little or no information exists about its effects on the peripheral nerves. It also remains to be ascertained if vanadium crosses the "blood-nerve" barrier. This work was therefore designed to evaluate the axonal and myelin integrity of sciatic nerves in Wistar rats and to correlate histological observations with behavioural motor function tests following an acute exposure to vanadium. 
| MATERIALS AND METHODS

Ethical
| Housing and groupings
Ten male adult albino Wistar rats were used for the experiment. The rats were housed in plastic cages and stabilised for 48 hours. They were fed with rat pelleted feed and provided with water ad libitum.
They were divided into two groups (experimental and control) of five rats each. Control group were given sterile water for 7 days intraperitoneally (i/p) while vanadium group (V7) were administered sodium metavanadate (Sigma-Aldrich, St. Louis, Missouri) at 3 mg/kg body weight for 7 days i/p. 20, 31 All rats were subjected to behavioural tests as described by Brown et al 32 and Soazo and Garcia 33 and later sacrificed after the 7-day treatment period to harvest the sciatic nerves.
| Behavioural tests
Selected behavioural tests (rearing and forelimb grip tests) were conducted on all rats in both groups.
| Rearing
The number of times with which each rat stood on their hind legs in the maze within 5 minutes. It is a measure of motor function. Each animal was then given a score for total number of rears. The open field box was cleaned with 70% ethyl alcohol and allowed to dry between tests before placing subsequent animals in it to obviate possible biasing effects due to odour clues left by previous mice.
| Forelimb grip (hanging wire) test
Each rat's forepaws were placed on a horizontally suspended wire
(1 mm in diameter), 47 cm above a soft foam landing area. Rats were timed from the moment placed on the wire until unable to remain on the wire. This reflects muscular strength and tone.
| Sciatic nerve harvest
All rats were anaesthetised with Ketamine and perfused intracardially first with normal saline and followed by 4% phosphate-buffered formalin. The animals were then positioned on ventral recumbency, and a 3 cm straight longitudinal lateral skin incision was made, extending from the femoral major tubercle to the lateral femoral condyle. This was followed by blunt dissection between the ischiotibial and major gluteus muscles. The sciatic nerve was thus exposed from its emergence to its distal trifurcation and excised along its length. 34 
| Histology and photomicrography
The nerve samples were post-fixed in 4% phosphate-buffered forma- 
| Data analysis
Data generated from behavioural tests were stated as mean AE SE of mean and subsequently analysed using unpaired Student t test. Statistical significance of experimental observations was set at P < 0.05.
FIGURE 1
Rearing score of vanadium-exposed group (V7) and control group. The vanadium-exposed group had a statistically significant lower rearing score compared to the control subject group. *Statistical significance at P < 0.05
Forelimb grip test of vanadium-exposed group (V7) and control group. Control group had higher statistically significant values compared to the vanadium groups. *Statistical significance at P < 0.05 
| Behavioural tests
The vanadium exposed group presented a lower rearing score compared to the control group, this observation was statistically significant ( Figure 1 ). Similar result was obtained in the forelimb grip test, where the vanadium dosed rats had a shorter endurance time compared to those of control rats (Figure 2 ).
| Histology
The These digestion chambers were seen to contain degenerate axons and myelin fragments ( Figure 5 ).
| DISCUSSION
Assessment of peripheral nerve morphology has been regarded as a mainstay in the investigation of nerve damage and regeneration. 35 Among the features that can be assessed in histological sections of nerves, the morphology of myelinated axons is probably the most important for providing information about patho-physiological conditions in those nerves. 36 Individual nerve fibres are usually arranged by three distinct connective tissue layers from within outwards: the endoneurium, perineurium, and epineurium. 37 The disruption of the connective tissue Dystrophic, demyelinated, and swollen axons observed in the vanadium exposed rats are all features that indicate axonal damage, while the ballooning of myelin sheaths seen as thinned and vesiculated myelin suggest the destruction of myelin sheaths of the sciatic nerves. 39 This form of demyelination secondary to axonal degeneration is regarded to as "axonopathy" and "Wallerian-type degeneration." It describes a condition in which the toxicant elicits its major injurious effect on the axon, which degenerates, followed quickly by the myelin sheath. 40 It remains to be fully understood by what specific mechanism(s) vanadium exert(s) its neuropathologies on the peripheral nervous system. However, vanadium has been reported to induce neuro-inflammation, cause axonal damage 21 and myelin depletion in the brain. 8, 20 Both primary demyelination and secondary demyelination because of Wallerian degeneration can result in myelinopathies; with the former more likely to be induced by neuro-inflammation and lipid peroxidation 39 while the latter is more of an aftermath of axonal damage (axonopathies) . 40 It has been noted that while axons may survive for a relatively long period without its surrounding myelin sheaths, axonal loss will lead to the disintegration and depletion of myelin sheath. 41 From the present study, both axonopathy and myelinopathy of the sciatic nerves were observed. This highlights a putative role of vanadium in triggering peripheral neuropathies either by directly damaging axons and/or the insulating myelin sheaths.
Vanadium causes demyelination in the central nervous system and its effect on myelin-producing cells (oligodendrocytes) is well documented. 20, 21, 31 It will be interesting to examine cellular and molecular changes that occur in Schwann cells after vanadium exposure.
The peripheral neuropathies observed following vanadium administration is similar to fourth degree (Class III) nerve injury classification as described by Sunderland; where axonal and myelin damage with Wallerian degeneration, disruption of the endoneurium and perineurium occurs with only the epineurium intact. 42, 43 From the present study, the authors postulate an assumption; that the observed peripheral neuropathies coupled with mild disruption in connective tissue organisations of sciatic nerves in the vanadium exposed groups is a probable sequela of vanadium: (a) crossing the "blood-nerve barrier", and (b) exerting its neurotoxic effects by generating reactive oxygen species, inducing oxidative stress and lipid peroxidation. 8, 31 Schaumburg 44 remarked that a lower ("leaky") bloodnerve barrier exists in the peripheral system as compared to the more complete blood-brain barrier.
Rearing is a behavioural outcome that measures motor function and coordination while forelimb grip test measures muscular strength and tone. 32, 33 These behavioural tests in vanadium exposed rats differ significantly from the control groups; with the former recording deficits in the parameters evaluated. These deficits in behavioural outcomes are suggestive of a peripheral neuropathy; as the depletion of myelin sheaths has been reported to affect nerve impulse conduction and cause a decrease muscle tone. 20 This further corroborates the peripheral histopathologies observed in this study.
From the present study, authors posit that vanadium crosses the blood-nerve barrier, damages axons and depletes myelin of the peripheral nerves with resultant motor deficits. This pattern of pathologies also portends public health issues to people living around vanadium-rich crude oil pollutions and gas flaring environment, who may present with muscle myopathologies and neuropathies.
